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THEORY 


It  is  evidenced  by  incontrovertible  testimony  that  large 
regions  of  the  earth,  bordering  upon  the  Arctic  Circle,  and  at 
some  points  extending  far  south  into  the  temperate  zone,  were 
at  one  time  under  a  warm  and  humid  atmosphere. 

That  this  climatic  state  was  of  long  duration  is  fully  proven 
by  the  coal  fields,  by  the  great  quantity  of  animal  and  vegetable 
fossil  remains,  product  and  growth  of  a  tropical  climate,  now 
found  in  such  abundance  over  a  large  extent  of  territory  near 
the  Arctic  circle. 

There  is  also  abundant  testimony  in  support  of  the  conclusion 
that  this  tropical  atmosphere,  which  for  ages  prevailed  over  so 
large  a  part  of  the  northern  hemisphere,  lost  heat,  and  was 
transformed  into  one  extremely  frigid,  and  that  at  a  later  age 
the  atmosphere,  over  a  considerable  and  perhaps  the  greater 
part  of  this  cold  region,  acquired  heat,  from  some  source, 
sufficient  to  melt  the  ice  and  change  the  climate  from  a  frigid 
to  a  temperate  one. 

Various  theories  have  been  promulgated  by  learned  and 
scientific  scholars  to  account  for  these  great  changes  in  the 
climate  and  the  long  duration  of  each  of  these  opposite  climatic 
conditions.  It  has  been  advanced  by  some  speculators  that 
what  is  now  the  equator  has  been,  at  some  time  in  the  past,  the 
poles,  and  the  latter  the  equator  of  the  earth.  Independent  of 
the  improbability  of  such  a  change  having  taken  place,  one  such 
change,  even  if  it  had  occurred,  would  not  account  for  the 
change  from  a  frigid  to  the  present  temperate  climate  which 
now  prevails  over  a  large  part  of  this  once  ice-bound  region. 


Lyell  and  other  scientists  following  him  have  sought  to  find 
a  solution  for  this  phenomenal  change  of  climate  in  the  different 
distribution  of  land  and  water  and  ocean  currents,  as  affecting 
the  reception  and  radiation  of  heat. 

Other  speculators  upon  the  cause  of  these  climatic  changes 
have  endeavored  to  find  a  solution  of  this  phenomenon  in 
astronominal  causes.  Croll  finds  a  solution  of  the  problem  in 
the  precession  of  the  equinoxes  and  the  varying  eccentricity  of 
the  earth's  orbit.  But  neither  the  astronominal  or  the  geo- 
graphical theory  has  met  with  general  acceptance,  or  solved  the 
question  to  the  entire  satisfaction  of  scientists. 

In  my  school-boy  days,  or  at  least  in  the  schools  which  I 
attended,  geologjr  as  a  science  and  the  geological  phenomena 
every  where  present  upon  the  surface  of  the  earth  and  in  the 
outer  part  of  its  crust,  were  not  subjects  of  study  or  themes  of 
popular  discussion. 

The  rock  formation  with  which  the  bluffs  of  the  Illinois  and 
Mississippi  rivers  were  faced,  was  to  me,  when  I  first  saw  it  in 
1830,  an  incomprehensible  problem. 

In  passing  over  the  plains  between  Missouri  and  New 
Mexico,  and  the  mountainous  and  valley  country  including  that 
of  the  lower  Colorado  river  between  Santa  Fe  and  San  Diego 
in  California  in  1831,  and  over  and  around  the  islands  forming 
the  channel  or  sound  of  Santa  Barbara  and  along  the  coast 
country  from  San  Diego  to  the  Umpqua  river,  and  inland 
through  the  Klamath  lake  country  and  the  Sacramento  and 
San  Joaquin  valley  in  1832-3,  geological  phenomena  were 
continually  presented  to  my  view  and  consideration. 

While  traveling  across  the  continent  from  Acapulco  to  Yera 
Cruz  in  1840,  among  many  interesting  objects,  some  the  product 
of  natural  agencies  and  others  of  man's  labor,  I  found  one  work, 
the  joint  product  of  men,  mules,  and  the  atmosphere,  which  p 
satisfactorily  explained  the  formation  of  the  stone  facings  of  the 
Bluffs  of  the  Illinois  and  Mississippi  rivers.  The  only  oppor- 
tunity I  had  of  studying  this  work  was  while  riding  on  mule- 
back  through  narrow  and  deeply-worn  paths,  on  either  side  of 
which  was  exposed  a  leaf  of  two  pages  of  the  work,  which 
represented   a   face   or   wall    nearly    perpendicular,    of    solid 


unstratified  rock,  varying  from  a  few  to  ten  or  fifteen  feet  in 
height.  Upon  these  two  pages  were  plainly  to  be  seen  the 
marks  of  the  tools  which  had  been  used  by  the  muleteers  to 
chip  off  their  faces  and  widen  the  path- way,  so  as  to  admit  of 
the  passage  of  the  bodies  of  the  mules,  together  with  their  packs, 
through  and  along  this  rock-walled  path. 

The  traveler,  seeing  these  solid  stone  walls  on  either  hand, 
would  very  likely  come  to  the  conclusion  that  the  path  had 
been  worn  down  through  solid  rock  by  the  feet  of  the  mules 
which  had  traveled  for  many  years  along  the  path. 

A  careful  inspection,  however,  showed  that  what  the  mules 
trod  upon,  instead  of  being  rock,  was  merely  a  coarse,  friable, 
but  compact  sand,  imperfectly  solidified,  and  easily  desintegrated 
by  the  feet  of  mules  and  horses.  This  loose  matter  being  soon 
carried  away  by  the  running  of  rain  water,  a  new  surface  would 
be  exposed  to  the  feet  of  the  mules,  and  in  a  short  time  a  narrow 
trench  would  be  made,  which  would  require  to  be  widened  by 
the  muleteers.  Other  earthy  materials,  which  were  inter- 
mingled with  the  sand,  and  which  held  its  grains  together,  were 
of  such  nature,  that  when  the  walls  of  the  worn  pathway  were 
exposed  to  solar  and  atmospheric  action,  they  were  soon 
converted  into  hard  and  solid  stone. 

This  mode  of  making  stone  at  the  present  time  by  the  forces 
of  nature,  solved  satisfactorily  to  my  mind  that  geological 
phenomenon  presented  to  me  by  the  rock-faced  bluffs  of  the 
Illinois  and  Mississippi  rivers. 

The  rock  reefs  of  the  island  of  San  Miguel,  which  lies  off 
Point  Conception,  are  largely  composed  of  fossil  oyster-shells. 
Upon  high  land  near  the  sources  of  the  Salinas  river,  in  the 
County  of  San  Luis  Obispo,  there  are  now  found  in  situ 
large,  quantities  of  fossil  oysters  of  gigantic  size.  A  fossil  oyster 
from  this  locality,  measuring  seventeen  and  one-half  inches  in 
length  and  weighing  thirty-five  pounds,  is  now  in  the  Museum 
of  Natural  History  at  Central  Park,  New  York.  (James  Terry). 
Beds  of  fossil  oysters  are  found  in  the  mountainous  regions 
between  Santa  Monica  and  the  mouth  of  the  Santa  Clara  river 
and  the  valley  of  San  Fernando  and  the  sea,  in  the  counties  of 
Ventura  and  Los  Angeles.  In  the  hills  northerly  from  Anaheim 
in  Los  Angeles  county  are  found  in  situ  petrified  round  clams. 
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These  clams  and  oysters  did  not  die  a  lingering  death  caused 
by  age,  disease,  or  want  of  suitable  food,  nor  by  a  gradual 
change  in  the  elements  by  which  they  were  surrounded,  but 
were  suddenly  killed  by  a  cataclism,  accompanied  by  an  almost 
instantaneous  chemical  or  other  change  in  the  properties  of 
their  bed,  or  of  the  water  in  which  they  had  lived.  This  con- 
clusion is  reached  from  the  following  facts :  The  two  valves 
of  these  fossil  clams  and  oysters  are  firmly  closed,  which  is  not 
the  case  when  their  death  ensues  from  ordinary  causes.  The 
lime  and  silex  composing  the  petrification  which  fills  the  cavity 
between  the  two  shells  is  so  clean  and  free  from  other 
matter,  that  the  conclusion  is  warranted  that  the  petrifying 
process  commenced  while  the  two  valves  were  tightly  united 
by  the  shock  of  the  cataclism,  and  before  any  decomposition  of 
the  flesh  or  animal  matter  took  place.  The  great  size  of  these 
fossil  oysters,  and  the  thickness  of  their  shells,  indicates  that 
they  lived  and  grew  under  circumstances  more  favorable  to 
their  growth  and  development  than  are  at  the  present  time  to 
be  found  in  any  of  the  waters  of  this  globe. 

"The  shores  of  the  Arctic  ocean  are  covered  for  a  consider- 
able distance  inland,  and  for  a  great  part  of  their  extent,  by  a 
deep  alluvial  deposit,  which  contains  immense  numbers  of  fos- 
sil remains  of  extinct  species  of  elephants  and .  other  animals." 

"  The  climate  of  Siberia  is  much  colder  than  that  of  corres- 
ponding latitudes  in  Europe.  At  the  mouth  of  the  river  Yana, 
in  latitude  70°  55',  the  mean  annual  temperature  is  4.39°  F., 
while  at  the  North  Gape  in  Europe,  a  few  minutes  farther  north, 
it  is  32°  F.  The  severity  of  the  climate  increases  towards  the 
east." 

"  The  surface  of  the  smaller  islands  near  the  Siberian  coast 
is  covered  with  alternate  layers  of  sand,  and  in  their  hills  are 
immense  alluvial  deposits,  filled  with  wood  and  the  fossil  bones 
of  animals." 

The  fact  that  Eastern  Siberia,  or  that  portion  of  it  fronting 
on  Behring's  Straits  and  the  seas  between  those  straits  and  the 
North  Pacific  Ocean,  has  a  climate  far  colder  than  Western 
Siberia,  or  that  part  of  it  near  and  adjoining  Europe,  must  be 
borne  in  mind. 


The  trade-wind  is  a  continual  movement  of  the  atmosphere 
from  the  eastern  to  the  western  shores  of  the  Atlantic  and 
Pacific  Oceans  over  their  equatorial  regions.  On  the  Atlantic 
ocean  these  winds  are  limited  within  the  parallels  of  30°  north 
and  25°  south  of  the  equator.  The  position  of  the  northern 
and  southern  limits  of  these  winds  moves  a  little  with  the 
northward  and  southward  declination  of  the  sun. 

These  winds  do  not  blow  on  lines  parallel  to  the  equator,  but 
upon  converging  lines.  The  line  upon  which  these  imping- 
ing lines  of  wind  meet  is  not  the  equatorial  line,  but  is  a  line 
which  moves  north  and  south  about  11°  of  latitude. 

The  thermal  or  solar  equator  being  two  or  three  degrees 
north  of  the  geographical  equator,  the  line  of  the  impingement 
of  the  trade-winds  not  only  moves  farther  to  the  north  than 
it  does  to  the  south  of  the  earth's  equator,  but  remains  much 
longer  on  the  north  than  on  the  south  of  it.  The  direction  of 
these  trade-winds  is  from  northeast  on  the  north  and  from 
southeast  on  the  south  of  the  line  of  impingement,  and  they 
are  known  as  the  northeast  and  southeast  trade-winds. 

The  trade-winds  are  produced  by  the  flow  of  the  atmosphere 
from  the  outer  to  the  inter- tropical  region,  to  feed  the  ascend- 
ing volume  of  equatorial  atmosphere  caused  by  its  rarefaction 
under  the  more  vertical  rays  of  the  sun  in  that  region  of  the 
earth.  Their  easterly  direction  is  caused  by  the  more  rapid 
movement  of  the  surface  of  the  solid  earth  within  the  tropics 
than  that  of  the  atmosphere  resting  thereon,  in  the  diurnal  ro- 
tation of  the  earth. 

The  velocity  of  the  northeast  and  the  southeast  trade-winds 
is  unequal.  Maury,  in  "  Physical  Geography  of  the  Sea," 
gives  the  velocity  of  the  southeast  trade- wind  at  from  twenty- 
five  to  thirty  miles  per  hour,  and  the  northeast  one  at  only 
fourteen  to  eighteen  miles  per  hour. 

Flowing  out  from  the  Gulf  of  Mexico,  between  Florida  and 
the  island  of  Cuba,  there  is  a  stream  unequaled  in  size,  quali- 
ties, and  condition  by  any  other  stream  of  water  upon  the  earth. 
The  volume  of  this  stream  is  computed  by  the  author  above 
quoted  to  be  so  great,  that  it  carries  out  of  the  Gulf  of  Mexico, 
and  into  the  Atlantic  ocean,  annually,  a  mass  of  water  equal  to 


thirty-five  thousand  six  hundred  and  sixty-six  cubic  miles. 
The  magnitude  of  this  body  of  water  can  be  better  realized 
when  stated,  that  it  is  equal  to  a  river  one  thousand  miles  wide 
and  fifty-two  feet  deep,  and  more  than  thirty-five  thousand 
miles  long.  The  temperature  of  the  water  of  the  Gulf  Stream 
when  emptying  itself  into  the  Atlantic  ocean  is  86°  F.,  and  so 
great  is  its  body  that  it  looses  only  two  degrees  in  running  in  a 
northerly  direction  seven  hundred  miles,  and  after  flowing  three 
thousand  miles  towards  the  north,  it  still  retains,  even  in  winter, 
the  heat  of  summer.  The  temperature  in  winter  of  the  water 
of  the  Gulf  Stream,  off  Cape  Hatteras,  is  from  twenty  to  thirty 
degrees  above  that  of  the  common  ocean  water  near  by.  The 
Gulf  Stream,  from  the  southern  point  of  Florida,  flows  north- 
easterly along  a  line  nearly  parallel  to  the  line  of  the  coast 
until  it  reaches  the  Banks  of  Newfoundland,  when  it  curves 
easterly,  and  crosses  the  Atlantic  ocean  to  the  British  Isles, 
which  it  encircles,  and  the  major  part  thence  flows  southerly, 
reaching  the  Bay  of  Biscay.  The  other  portion  flows  northerly 
along  the  coast  of  Europe. 

The  influence  of  the  Gulf  Stream  on  the  climate  of  Europe 
is  differently  estimated  by  those  who  have  studied  and  written 
upon  this  subject. 

The  difference  in  the  warmth  and  the  humidity  of  the  atmos- 
phere over  that  portion  of  the  American  Continent  lying 
between  Cape  Hatteras  and  60°  north  latitude  which  faces  the 
Atlantic  ocean,  and  that  part  of  Europe  lying  within  the  same 
parallels  of  latitude  and  facing  the  same  ocean,  has  provoked 
investigation  and  discussion,  by  meteoroligists  and  other  men 
of  science,  without  reaching  a  uniform  conclusion  respecting 
the  cause  of  this  difference.  While  most  of  the  rivers  and 
harbors  of  the  coast  along  this  part  of  America  during  the 
winter  season  are  fast-bound  or  covered  with  ice,  those  of  the 
European  coast  remain  unobstructed  by  ice  in  the  same  season 
of  the  year.  The  harbor  of  St.  John's,  in  Newfoundland,  is 
frequently  closed  by  ice.  In  1831  it  was  closed  by  ice  as  late 
as  the  month  of  June,  while  there  is  no  record  that  the  port  of 
Liverpool,  two  degrees  further  north,  was  ever  closed  by  ice. 
Sir  Walter  Scott  is  quoted  as  having  stated  that  the  ponds  on 
the  Orkney's,  near  latitude  60°,  are  not  frozen  in  winter. 


In  searching  for  a  cause  for  this  notably  great  difference  in 
the  winter  temperature  of  these  two  sections  of  the  earth,  we 
must  look  for  one  commensurate  with  the  effects  produced. 
As  there  is  no  such  notable  difference  in  the  temperature  of 
the  atmosphere  over  the  corresponding  sections  of  the  earth 
lying  along  and  facing  the  North  Pacific  ocean,  the  prospect  of 
finding  this  cause  in  the  atmosphere  or  its  movement  is  not  en- 
couraging. As  there  is  nothing  in  the  topographical  or  geolog- 
ical character  of  either  Europe  or  America  that  offers  a  solution 
of  this  question,  and  dismissing  the  atmospheric  kingdom  from 
the  field  of  investigation,  the  search  must  be  made  in  the 
aqueous  kingdom  and  in  a  subdivision  of  it,  to  wit :  the 
Atlantic  ocean. 

In  the  Atlantic,  upon  the  shores  of  which  this  inequality  of 
temperature  exists,  there  is  the  Gulf  Stream,  that  immense  vol- 
ume of  warm  water,  flowing  without  intermission  up  and 
across  the  North  Atlantic.  Some  writers  have  placed  the 
effect  of  this  stream  upon  the  atmosphere  of  Europe  at  zero. 
It  would  seem  as  if  these  writers  had  based  their  calculations 
upon  the  effect  the  waters  of  the  Gulf  Stream  would  exert 
upon  the  atmosphere  after  they  reach  the  shores  of  Europe, 
when  their  temperature  is  but  little  above  that  of  the  common 
ocean  water  of  their  latitude.  They  appear  to  have  over- 
looked or  ignored  a  circumstance  of  much  importance  in  this 
matter. 

The  course  of  the  Gulf  Stream,  from  its  entrance  into  the 
Atlantic,  in  latitude  25°,  although  describing  a  curve,  is  nearly 
northeast  until  it  reaches  the  .Banks  of  Newfoundland,  and 
thence  its  course  is  nearly  east  until  it  reaches  the  shores  of 
Europe. 

The  prevailing  wind  or  normal  flow  of  the  atmosphere  over 
the  western  side  of  the  North  Atlantic,  from  latitude  30°  to 
the  Banks  of  Newfoundland,  is  from  the  southwest,  and  from 
the  latter  point  across  the  ocean  to  the  European  shore  it  is 
from  the  west.  Thus  we  see  that  the  atmosphere,  resting 
upon  and  overlying  the  Gulf  Stream,  from  the  Cape  of  Florida 
to  the  coast  of  Europe,  moves  along  a  common  line  with  that 
of  the  flow  of  the  Gulf  Stream. 
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Maury  says,  a  simple  calculation  shows  that  the  quantity  of 
heat  discharged  over  the  Atlantic  from  the  waters  of  the  Gulf 
Stream,  in  a  winter's  day,  would  be  sufficient  to  raise  the  whole 
column  of  atmosphere  that  rests  upon  France  and  the  British 
Isles  from  the  freezing  point  to  summer  heat.  He  further  says 
that  the  quantity  of  heat  daily  carried  off  by  the  Gulf  Stream 
from  the  Gulf  of  Mexico  and  discharged  into  the  Atlantic  is 
sufficient  to  raise  mountains  of  iron  from  zero  to  the  melting 
point,  and  to  keep  in  flow  from  them  a  molten  stream  of  metal 
greater  in  volume  than  the  waters  daily  discharged  from  the 
Mississippi  river.  As  the  atmosphere  resting  upon  the  Gulf 
Stream,  and  which  receives  this  heat,  moves  along  over  the 
same  line  as  the  one  upon  which  the  Gulf  Stream  flows  until  it 
reaches  the  shores  of  Europe,  the  quantity  of  heat  carried  and 
distributed  over  the  coast  of  Europe  by  the  Gulf  Stream  can 
hardly  be  over-estimated.  The  effect  of  the  Gulf  Stream  upon 
the  climate  of  Europe  is  not  simply  the  effect  that  the  same 
quantity  of  heat  which  is  thrown  off  by  the  Gulf  Stream 
would  have  in  warming  the  whole  volume  of  the  cold  atmos- 
phere resting  upon  Europe  if  it  was  injected  into  it,  but  by 
the  moving  towards  Europe  of  this  great  body  of  atmosphere 
which  has  been  receiving  heat  from  the  Gulf  Stream  all  the 
way  from  the  Gulf  of  Mexico,  the  cold  atmosphere  of  Europe 
is  in  great  measure  displaced  by  the  warm  atmosphere  flowing 
from  the  Gulf  of  Mexico.  It  will  not,  therefore,  be  considered 
an  exaggeration  to  say  that  "  it  is  the  influence  of  this  stream 
upon  climate  that  makes  Erin  the  Emerald  Isle  of  the  sea,  and 
clothes  the  shores  of  Albion  in  ever  green  robes." 

While  there  is  some-  difference  of  opinion  among  meteoro- 
logical and  hydrological  writers  respecting  the  cause  of  the 
Gulf  Stream,  it  seems  most  in  accordance  with  natural  laws  to 
look  for  its  genesis  in  the  trade-winds.  If  we  take  a  saucer 
of  water  and  breathe  very  gently  upon  the  water  on  either 
side  of  the  saucer,  the  water  recedes  from  the  side  breathed 
upon,  and  rises  on  the  opposite  side.  If  we  observe  a  pond 
when  the  atmosphere  is  still,  and  watch  it  until  the  breeze 
springs  up  and  blows  across  the  pond,  we  see  that  the  water 
recedes  from  the  shore  on  that  side  whence  the  wind  blows,  and 
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rises  on  the  opposite  shore.  Lake  Brie  is  not  a  large  body  of 
water,  but  has  considerable  length  from  east  to  west,  and  has 
a  large  river  at  its  eastern  end  for  an  outlet  of  its  waters.  Yet 
we  know  that  when  westerly  gales  blow  over  that  lake  for  a 
few  days,  so  much  water  is  driven  by  these  winds  into  the 
eastern  end  of  the  lake  that  notwithstanding  its  great  Niagara 
river  to  carry  it  off,  the  lake  is  so  much  raised  above  its  ordi- 
nary level  at  Buffalo  as  to  prove  disastrous  to  the  latter  place. 
Our  nautical  works,  says  Maury,  tell  us  of  a  West  India 
hurricane  so  violent  that  it  forced  the  Gulf  Stream  back  to  its 
sources,  and  piled  up  the  water  in  the  Gulf  to  the  height  of 
thirty  feet. 

The  distance  on  the  equator  from  the  shore  of  Africa  to  that 
of  America  is  about  60°  of  latitude,  a  little  more  than  four 
thousand  miles.  From  the  northern  to  the  southern  limit  of 
the  trade-winds  is  55°  of  latitude,  nearly  four  thousand  miles. 
Over  this  large  surface  of  water  the  trade-winds  are  constantly 
blowing  towards  the  American  shore  with  a  velocity  of  about 
twenty-three  miles  per  hour.  When  we  consider  the  power 
which  the  wind  exerts  in  drifting  the  water  of  Lake  Erie,  and 
the  quantity  that  is  accumulated  in  a  distance  of  three  hundred 
miles,  we  may  imagine,  in  some  measure,  the  quantity  of  water 
which  the  trade-winds  drift  against  the  American  shore. 
The  line  upon  which  the  northeast  and  the  southeast  trade 
winds  impinge,  being  some  degrees  north  of  the  equator,  and 
as  the  southeast  wind  blows  with  greater  force  than  the  north- 
east one,  and  as  there  is  a  calm  belt  of  considerable  breadth 
along  the  line  of  their  impingement,  the  crown  of  this  ocean 
drift  must  necessarily  strike  the  American  shore  a  number  of 
degrees  north  of  the  equator.  The  northern  coast  of  Brazil, 
which  terminates  in  Cape  St.  Eoque,  projects  far  out  into  the 
Atlantic,  a  few  degrees  south  of  the  equator,  and  prevents  this 
trade-wind  drift  from  flowing  southerly  along  the  coast  of 
South  America,  but  turns  it  northerly  into  the  Caribbean  sea 
and  through  the  Gulf  of  Mexico  into  the  Atlantic  through  the 
Straits  of  Bernini. 

If  the  velocity  of  the  rotary  movement  of  the  earth's  sur- 
face in  the  equatorial  regions  exceeds  that  of  the  atmosphere 
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resting  upon  it  by  more  than  twenty  miles  per  hour,  we  may 
assume  that  the  movement  of  the  surface  of  the  water  of  the 
ocean  in  the  same  region  will  have  the  same  diminished  veloc- 
ity, minus  its  greater  density  and  less  distance  from  the  earth's 
axis.  Consequently  there  will  be  from  this  cause  also  an 
accumulation  of  water  on  the  eastern  shores  of  the  two  conti- 
nents in  their  equatorial  regions,  which  must  flow  away  along 
their  shores  either  northerly  or  southerly. 

These  combined  causes  seem  sufficient  to  account  for  the 
great  volume  of  the  Gulf  Stream,  and  the  distance  and  length 
of  time  it  has  been  drifted  under  the  vertical  rays  of  the  sun 
satisfactorily  account  for  its  increased  temperature. 

The  little  depth  of  the  waters  separating  America  from 
Siberia,  the  volcanic  character  of  the  Aleutian  Islands,  the 
topograph}^  and  geology  of  the  country  bordering  Behring's 
Straits  and  the  North  Pacific,  as  well  as  that  of  the  islands 
lying  in  those  seas,  warrant  the  conclusion  that  at  one  time  in 
the  past  a  broad  and  deep  sea,  separating  Asia  from  North 
America,  connected  the  Pacific  ocean  with  the  Arctic  sea. 

The  slight  elevation  of  Central  America  above  the  sea  level, 
the  great  difference  in  altitude  between  its  highest  portions  and 
those  of  both  North  and  South  America,  as  well  as  its  geologi- 
cal character,  leave  little  or  no  doubt  that  long  after  the  major 
part  of  North  and  South  America  were  raised  up  above  the 
ocean,  their  mountains,  plains,  and  valleys  covered  with  vege- 
tation, their  fields  and  forests  filled  with  animal  life,  and,  possi- 
bly, with  human  beings,  Central  America  was  far  beneath  the 
surface  of  the  sea,  and  the  waters  of  the  Atlantic  and  Pacific 
oceans  commingled  and  flowed  over  it. 

From  the  west  shore  of  Africa,  westerty  to  the  shore  of 
Asia,  measured  on  the  equator,  there  are  about  260°  of  longi- 
tude, or  upwards  of  eighteen  thousand  miles. 

Off  the  coast  of  Asia,  south  of  the  equator,  there  are  a  num- 
ber of  islands  in  close  contiguity,  extending  easterly  into  the 
Pacific  ocean  more  than  two  thousand  miles,  while  Australia, 
almost  joining  the  most  easterly  one  of  these  islands,  extends 
south  to  the  fortieth  degree  of  latitude. 

When  Central  America  was  covered  by  a  deep  ocean,  the 
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volume  of  water  drifted  across  the  Atlantic  ocean  by  the  trade 
winds  and  the  rotary  movement  of  the  earth,  instead  of,  as 
now,  being  turned  north  into  the  Caribbean  sea,  flowed  over 
Central  America  and  continued  onward,  increasing  its  volume 
and  temperature,  until  it  struck  the  shore  of  Asia.  New 
Guinea  and  other  islands  to  the  east  of  it  prevented  it  flowing 
off  to  the  south,  while  Borneo  and  other  intervening  islands 
barred  its  way  into  the  Indian  ocean,  and  forced  the  greater 
part  of  it  to  flow  northerly  along  the  coast  of  Asia  and  pour  its 
immense  quantity  of  heated  water  through  the  open  sea  between 
America  and  Siberia  into  the  Arctic  ocean. 

If,  as  before  stated,  the  volume  of  water  brought  across  the 
Atlantic  by  the  force  of  the  trade-winds  and  the  rotary  motion 
of  the  earth,  in  a  distance  of  four  thousand  miles,  is  equal  to  a 
river  one  thousand  miles  wide  and  fifty-two  feet  deep  and 
thirty-five  thousand  miles  long,  we  may  imagine,  or  might  cal- 
culate with  some  degree  of  certainty,  the  size  of  the  volume 
of  water  which  would  be  drifted  by  the  same  forces  against  the 
eastern  shores  of  Asia,  a  distance  of  eighteen  thousand  miles. 
If  the  volume  of  this  equatorial  drift  water,  driven  and  ac- 
cumulating all  the  way  from  the  shore  of  Africa  to  that  of 
Asia,  should  be,  upon  reaching  Asia,  as  much  greater  than  the 
Gulf  Stream  as  the  distance  over  which  it  has  been  accumulat- 
ing is  greater  than  the  breadth  of  the  Atlantic,  it  would  be 
equal  to  160,497  cubic  miles,  or  to  a  volume  of  water  five 
hundred  and  twelve  miles  wide  and  six  hundred  and  sixty  feet 
deep  and  flowing  at  the  rate  of  2  88-100  miles  per  hour. 

If  the  increased  temperature  of  the  water  of  the  Gulf  Stream 
over  that  of  the  common  ocean  near  by  is  caused  by  the  drift- 
ing of  that  water  a  distance  of  four  thousand  miles  under  an 
almost  vertical  sun,  it  would  reach  a  much  higher  temperature 
if  it  drifted  eighteen  thousand  miles  under  similar  circumstances. 

If,  as  is  asserted  by  Maury,  "that  the  quantity  of  heat  daily 
carried  off  by  the  Gulf  Stream  and  discharged  over  the  Atlan- 
tic, is  sufficient  to  raise  mountains  of  iron  from  zero  to  melting 
point,"  what  must  have  been  the  quantity  of  heat  discharged 
over  the  Arctic  ocean  when  that  great  stream  which  I  have 
described  was  daily  pouring  more  than  twenty-three  million 
cubic  feet  of  its  heated  water  into  that  ocean. 
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The  Polar  basin  has  an  area  of  4,500,000  square  miles,  the 
far  greater  part  of  which  is  known  to  be  covered  with  water, 
and  we  may  presume  that  the  greater  portion  of  the  unexplored 
part  is  also  water-covered. 

The  habitual  dampness,  says  Maury,  of  the  climate  of  the 
British  islands  as  well  as  the  occasioual  dampness  of  that  along 
the  Atlantic  coasts  of  the  United  States,  when  easterly  winds 
prevail,  is  attributable  also  to  the  Gulf  Stream. 

If  the  warmth  of  the  Gulf  Stream  modifies  the  temperature 
of  the  atmosphere  resting  upon  the  North  Atlantic,  its  islands 
and  all  western  Europe,  we  can  imagine  the  climatic  effect  which 
a  much  warmer  stream  of  more  than  four  times  the  volume  of 
the  Gulf  Stream  must  have  had  upon  all  those  lands  bordering 
upon  or  near  the  Arctic  ocean,  when  that  ocean  was  a  great 
thermal  sea,  surcharging  the  atmosphere  of  the  frigid  zone  and 
a  large  part  of  that  of  the  north  temperate  zone  with  warm 
vapor.  Under  these  climatic  conditions,  tropical  vegetables  and 
animals  would  find  an  agreeable  home  in  the  neighborhood  of 
the  Arctic  Circle,  and  would  rapidly  increase  and  cover  those 
regions  of  the  earth  with  the  animals  and  the  vegetables,  the 
fossil  remains  of  which  are  there  now  found  in  such  abundance. 

The  water  carried  into  the  Arctic  ocean  from  the  Pacific 
flowed  southerly  out  of  that  ocean  while  warm  between  Europe 
and  America  until  it  reached  the  coast  of  Africa  from  whence 
it  came,  thus  making  its  way  back  to  the  point  from  which  it 
started  by  the  shortest  route  and  most  direct  course. 

The  obliteration  of  that  sea  which  connected  the  North 
Pacific  with  the  Arctic  ocean  by  the  elevation  of  a  greater  part 
of  its  floor  above  the  common  level  of  the  sea,  leaving  only  a 
narrow  and  shallow  strait,  studded  with  islands,  blocked  the 
flow  of  this  warm  water  into  the  Polar  basin. 

This  closing  of  the  way  into  the  Arctic  ocean  diminished  the 
arc  of  the  circle  upon  which  this  grand  thermal  stream  had 
been  flowing,  and  reduced  its  diameter  from  about  200°  of 
equatorial  longtitude  to  that  of  120°.  Subject  to  the  law 
governing  the  movement  of  bodies  when  their  course  is  not 
controlled  by  physical  causes,  this  thermal  stream  could  not 
flow  north  along  the  Asiatic  and  Chinese  coasts  to  the  sea  of 
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Kamtschatka,  but  would  leave  the  Asiatic  coasts  and  flow  across 
the  Pacific  ocean  and  strike  the  shore  of  America  not  far  from 
the  fortieth  degree  of  north  latitude,  and  then  this  great  body 
of  heated  water  was  forced  southerly  along  the  coast  of  North 
America  until  it  joined  the  great  equatorial  drift.  Then  was  the 
time,  when  the  waters  of  the  North  Pacific  ocean  were 
sufficiently  warm  and  filled  with  those  animal  and  mineral 
substances  and  properties  which  enabled  the  shell-fish  of  its 
waters  to  grow  and  develop  into  those  gigantic  molusca  which 
in  a  fossil  state  are  so  abundantly  found  in  California. 

When  the  ingress  of  this  warm  water  into  the  Polar  basin 
was  shut  off,  the  Arctic  ocean  commenced  to  lose  its  heat,  and  the 
temperature  of  its  outlet  into  the  Atlantic  ocean  was  so  reduced 
that  its  influence  in  warming  the  atmosphere  of  Europe  rapidly 
diminished.  At  the  same  time  the  atmosphere  lying  over  the 
north  frigid  zone,  and  a  considerable  portion  of  the  north  tem- 
perate zone,  gradually  became  cold.  During  this  period  an 
immense  quantity  of  vapor  must  have  been  thrown  into  the 
atmosphere  lying  over  and  south  of  the  Arctic  circle.  The 
condensation  of  this  vapor  over  some  portions  of  the  northern 
part  of  the  north-temperate  zone  furnished  the  snow  and  ice 
with  which  it  became  covered.  The  diminution  of  the  temper- 
ature of  the  atmosphere  lying  over  the  regions  bordering  the 
Arctic  circle,  and  the  falling  of  rain  and  snow,  continued  until 
the  Ice  King  of  the  north  took  absolute  possession  thereof,  and 
extending  his  conquests  southerly  on  some  lines  midway  or 
more  from  the  pole  to  the  equator,  covered  his  grand  domain 
with  one  great  or  many  smaller  mantles  of  perennial  ice.  This 
was  the  ice  age  of  Siberia,  the  northeastern  part  of  the  Ameri- 
can continent  and  northwestern  Europe. 

At  a  later  period,  and  after  this  Ice  King  had  for  indistin- 
guishable ages  held  with  undisputed  power  in  frozen  bonds  his 
vast  and  continually  increasing  domain,  the  monarch  of  the 
torrid  zone,  who  for  ages  had  been  swinging  in  his  hammock, 
stretched  on  the  equatorial  line,  not  altogether  unmindful  of 
those  northern  countries  which  were  once  in  part  his  domain, 
and  which  had  been  overrun  and  wrested  from  him  by  his  ad- 
versary, and  alarmed  by  this  persistent  approach  of  his  enemy, 
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awakened  from  his  lethargical  condition,  and  aroused  himself 
in  his  bed,  and  by  a  supreme  effort  threw  Central  America  up 
from  beneath  the  ocean,  and  by  uniting  North  and  South 
America  into  one  continent,  turned  the  equatorial  drift-water 
of  the  Atlantic  northerly  against  the  center  of  the  front  of  his 
invading  foe  with  such  force  and  effect  that  the  frozen .  bonds 
with  which  the  country  had  been  bound  were  dissolved,  and 
over  a  large  portion  of  it,  re-established,  for  at  least  one-half  of 
the  year,  his  supremacy. 
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